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ABSTRACT
We present a detailed study of flux and index distributions of three blazars (one
FSRQ and two BLLacs) by using 16 years of Rossi X-ray Timing Explorer archival
data. The three blazars were chosen such that their flux and index distributions have
sufficient number of data points (≥90) with relatively less uncertainty (σ2
err
/σ2<0.2)
in light curves. Anderson-Darling (AD) test and histogram fitting shows that flux
distribution of FSRQ 3C273 is log-normal, while its photon index distribution is
Gaussian. This result is consistent with linear Gaussian perturbation in the particle
acceleration time-scale, which produces log-normal distribution in flux. However, for
two BLLacs viz. Mkn501 and Mkn421, AD test shows that their flux distributions
are neither Gaussian nor log-normal, and their index distributions are non-normal.
The histogram fitting of Mkn501 and Mkn421, suggests that their flux distributions
are more likely to be a bi-modal, and their index distributions are double Gaussian.
Since, Sinha et al. (2018) had shown that Gaussian distribution of index produces
a log-normal distribution in flux, double Gaussian distribution of index in Mkn501
and Mkn421 indicates that their flux distributions are probably double log-normal.
Observation of double log-normal flux distribution with double Gaussian distribu-
tion in index reaffirms two flux states hypothesis. Further, the difference observed
in the flux distribution of FSRQ (3C273) and BL Lacs (Mkn501 and Mkn421)
at X-rays, suggest that the low energy emitting electrons have a single log-normal
flux distribution while the high energy ones have a double log-normal flux distribution.
Key words: galaxies: active – acceleration of particles – (galaxies:) quasars: individ-
ual: FSRQ 3C 273 – (galaxies:) BL Lacertae objects: individual: Mkn501 and Mkn 421
– X-rays: galaxies
1 INTRODUCTION
Blazars are the class of radio loud active galactic nuclei
(AGNs), with relativistic jets oriented close to the observer’s
line of sight (Urry & Padovani 1995). The non-thermal emis-
sion from blazars extends from radio to γ-ray energies.
Blazars are characterized by their extreme properties like lu-
minous core, rapid variability, high polarization, superlumi-
nal motion, occasional spectacular flares etc. These extreme
properties are usually attributed to the Doppler boosting
of the emission which occurs from the relativistic regions in
the jet. Blazars are broadly classified into two sub-classes,
⋆ E-mail: rukaiyakhatoon12@gmail.com
† zahir@iucaa.in
namely, BLLac objects and Flat Spectrum Radio Quasars
(FSRQs). The difference between these two sub-classes is
based on the presence or absence of emission/absorption
line features in their optical spectrum, such that FSRQs
show strong emission lines whereas for BLLacs, the emission
lines are weak/absent (Urry & Padovani 1995; Fan 2003).
The non-thermal emission originating from blazar jet pro-
duces a double humped spectral energy distribution (SED)
(Fossati et al. 1998), with the low energy component peak-
ing at optical/UV/soft X-ray energies, while the high energy
component peaks at GeV energies. The low energy com-
ponent is well established to be produced by synchrotron
emission from relativistic electrons gyrating in the magnetic
field of the jet, whereas the high energy component is usu-
ally attributed either to the inverse Compton (IC) scattering
c© 2019 The Authors
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of low energy photons (Maraschi et al. 1992; Dermer et al.
1992; Shah et al. 2017) or to the hadronic cascades initiated
in the jet (Bo¨ttcher 2007). Based on the location of the peak
frequency in the low energy component, blazars are further
classified into three sub-classes namely, high energy peaked
BLLac (HBL; νp > 10
15.3 Hz; (Padovani & Giommi 1995)),
intermediate energy peaked BLLac (IBL; 1014 < νp≤1015.3
Hz), and low energy peaked BLLac (LBL; νp≤1014 Hz)
(Fan et al. 2016).
The light curves of blazars show unpredictable varia-
tions over a broad range of time-scales ranging from min-
utes to years across the entire electromagnetic spectrum.
The clue to the mechanism causing such variations can
be obtained by studying their long-term flux distributions.
Typically, a Gaussian distribution of fluxes suggests addi-
tive processes, which is obtained when the flux variation is
stochastic and linear. However, if the stochastic flux vari-
ation is non-linear, a Gaussian distribution in logarithmic
flux values is expected, and such distributions are known
as log-normal, which are often found in galactic and extra-
galactic sources, like X-ray binaries, gamma-ray bursts, and
AGNs (Uttley & McHardy 2001; Negoro & Mineshige 2002;
Lyubarskii 1997; Quilligan et al. 2002; Giebels & Degrange
2009). In the case of AGNs, the log-normal behavior are ob-
served on time-scales ranging from minutes to days (Gaskell
2004); whereas, for X-ray binaries, such behavior is seen in
sub-second time scales (Uttley et al. 2005). Among blazars,
BLLac is the first blazar in which log-normal distribution
of X-ray flux was observed (Giebels & Degrange 2009). Sub-
sequently, such log-normal behavior in fluxes with the ex-
cess r.m.s correlating linearly with the average flux, have
been found in different energy-bands for a HBL, PKS 2155-
304 (H. E. S. S. Collaboration et al. 2017). Recently, a log-
normal distribution of flux was shown in PKS 2155-304
at X-ray and optical bands by using ten years of data
(Chevalier et al. 2019). In the very high energy (VHE)
γ-ray band, the log-normal behavior of flux distribution
has been detected in the well known high synchrotron
peaked BLLac objects Mrk 501 (Tluczykont et al. 2010;
Romoli et al. 2018) and PKS 2155-304 (Aharonian et al.
2009; H.E.S.S. Collaboration et al. 2010). The brightest
blazar sources seen by Fermi-LAT show a similar trend
in their long term monthly binned γ-ray light curves
(Shah et al. 2018). Also, using the Fermi-LAT observations,
the long-term γ-ray flux variability of the VHE source 1ES
1011+496 is independently confirmed to be log-normal by
Sinha et al. 2017. In addition to single log-normal distribu-
tion, the double log-normal profile has also been revealed at
multi-wavelength bands for some blazars (Kushwaha et al.
2016a; Shah et al. 2018).
The log-normal behavior of these astrophysical sources
is generally explained in terms of variations from the accre-
tion disk, which are multiplicative in nature (Uttley et al.
2005; McHardy 2010). However, the fluctuations in the
accretion disk may not produce minute scale variability
as seen in most of the blazar sources (Gaidos et al. 1996;
Albert et al. 2007; Paliya et al. 2015). Therefore, as an al-
ternative to the accretion disk model, the log-normal flux
distribution in blazars have also been explained in terms
of a sum of emission from a large collection of mini-
jets, which are randomly oriented inside the relativistic jet
(Biteau & Giebels 2012). Moreover, recently it has been
shown that a linear Gaussian perturbation in the particle ac-
celeration time scale can produce the log-normal flux distri-
bution (Sinha et al. 2018). They showed that perturbation
in the acceleration time scale produces a Gaussian distribu-
tion in the index which in turn results in a log-normal distri-
bution of the flux, whereas the perturbation in the particle
cooling rate produces neither a Gaussian nor a Log-normal
flux distribution.
In this work, we study the flux and photon index distri-
bution properties of blazar sources having statistically sig-
nificant light curves in the 16 years of RXTE observation.
The sample selection criteria from the RXTE AGN catalog is
described in Section $2, Characterization of flux/index dis-
tribution and correlation study between the flux and photon
index is described in Section $3. The physical interpretations
of the obtained flux distributions are discussed in Section $4.
2 RXTE ARCHIEVE AND SAMPLE
SELECTION
The Rossi X-ray Timing Explorer (RXTE) public database
provides the systematically analyzed long-term light curves
and spectral information of AGN sources, for the pe-
riod from January 1996 to January 2012. RXTE has
two co-aligned instruments, the Proportional Counter Ar-
ray (PCA; 2-60 keV) (Jahoda et al. 2006) and the High-
Energy X-ray Timing Experiment (HEXTE; 15-250 keV)
(Rothschild et al. 1998). It provides light curves in the en-
ergy range 2–10 keV. In these light curves, the sampling of
data is uneven as different periods had been proposed for
various scientific goals. However, despite the time gaps in
the light curves, the sixteen years of RXTE observation pro-
vides a large data set, which are some times statistically
suitable to investigate the variability behavior.
We first selected all the blazars from the RXTE AGN
Timing & Spectral Database (RATSD 1), for which the flux
and photon spectral index light curves are available with
more than 90 number of flux/index points. The spectra of
these blazars in RATSD are mostly fitted with simple power-
law model, except few BL Lac sources which are fitted better
with a broken power-law model with break energy below
≈ 10 keV (Rivers et al. 2013). The RATSD provide light
curves in the energy range 2-10 keV, 2-4 keV, 4-7 keV and
7-10 keV. However, in order to have flux light curves with
good statistics, we consider flux light curves which have been
obtained in the full energy range of 2–10 keV. Further, to
select the light curves with good statistics, we define light
curve significance fraction as
R =
σ2err
σ2
(1)
where σ2err is the mean square error of flux/index distribu-
tion and σ2 is the variance of flux/index distribution. From
the selected blazars, only those sources are considered for
further analysis which has R < 0.2 in both the flux and in-
dex light curves. However, this condition was not satisfied in
the unbinned index light curves (light curves taken directly
from RATSD) of the blazars except Mkn501, therefore, for
1 https://cass.ucsd.edu/~rxteagn/
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each selected blazar, we binned the flux/index light curves
by combining the flux/index points from 2 days to a maxi-
mum of 10 days. The upper limit of 10 days bin is chosen to
ensure that the minimum number of flux/index points in the
binned light curve is ≥ 90. After implementing these con-
ditions i.e., length of the light curve ≥ 90 and R < 0.2, we
are restricted to two BLLacs viz. Mkn 501, Mkn 421 and one
FSRQ viz. 3C 273. The above conditions are met with 2-days
time-bin in 3C 273 and 10-days time-bin for Mkn 421, while
in Mkn501, these conditions are satisfied in unbinned and
two-days time binned light curves (see Table 1). However,
in order to obtain evenly sampled light curves in all three
sources, we have used two-days time binned light curve for
Mkn 501. The length of light curves and the ‘R’ values of
3C 273, Mkn 501 and Mkn421 are given in Table 1.
3C 273 is a well studied FSRQ source located at a redshift
z ∼ 0.158. The RXTE X-ray spectra of this source is fitted
with a power-law model with an average power-law index
of Γ = 1.70±0.01 (Rivers et al. 2013). The obtained RXTE
flux/index light curves of 3C 273 are shown in Fig. 1. The
two BL Lac objects viz. Mkn 501 and Mkn421 at a redshift
of 0.033 and 0.031 respectively, are very well known high
synchrotron peaked BL Lac (HBL) objects, with the low en-
ergy SED component peaking at frequency νp > 10
15.3 Hz.
The RXTE spectra of these sources are fitted better with a
broken power-law model (Rivers et al. 2013). For Mkn501,
the average values of power-law photon index before break
energy (Γ1) and after break energy (Γ2) are obtained as
1.97±0.02 and 2.02±0.01 respectively with a break energy
at 6.9±1.2 keV, where as for Mkn 421, the average values of
Γ1 and Γ2 are obtained as 2.41±0.09 and 2.75±0.01 with
break energy of 6.6±0.4 keV. The RXTE flux and Γ1 light
curves of Mkn 501 and Mkn421 are shown in Figs 2 and 3.
Moreover, since RATSD provides light curves from a
pointing instrument (PCA), there is a possibility of bias be-
ing introduced in the flux distributions, if the sources were
preferentially observed in the high flux states. To check for
this, we looked for correlation between the flux and time-
gap (time between two observations) with the Spearman’s
rank correlation test. The null hypothesis probability values
(P-value) for 3C273, Mkn 501 and Mkn 421 are obtained
as 0.07, 0.15 and 0.08 respectively. In the case of Spear-
man’s correlation, the null hypothesis (H0) is that there is
no correlation between two variables, and we reject the null
hypothesis if P<0.01. Therefore, the obtained P-values indi-
cate that there is no significant correlation between flux and
time-gap.
3 DISTRIBUTION STUDY FOR BLAZARS
3.1 AD test
Generally, the flux distribution of blazar light curves shows
an asymmetric/tailed trend. Anderson-Darling (AD) test
statistic is an useful tool for the normality test, which is sen-
sitive towards the tails of a distribution (Press et al. 1992).
The null hypothesis (H0) of the AD test is that the data
sample is drawn from a particular distribution (say normal
distribution in our case). The AD test calculates the null
hypothesis probability value (p–value) such that p–value <
0.01 would indicate the deviation from the normality of the
sample.
Table 1. Light curve significance fraction R values for the un-
binned/binned flux and index light curves. Col:- 1: Selected
blazars satisfying the conditions R<0.2 and length of binned
flux/index light curve ≥ 90, 2: Number of data points in the
distributions, 3: R-value for index light curve, and 4: R-value for
the flux light curve.
Blazar name Number of RΓ RFlux
data points
3C 273 1960 (unbinned) 0.22 2.0× 10−3
1151 (2-days binned) 0.19 1.5× 10−3
Mkn501 496 (unbinned) 0.05 1.0× 10−4
188 (2-days binned) 0.06 1.0× 10−4
Mkn421 1182 (unbinned) 0.75 6.8× 10−5
93 (10-days binned) 0.17 9.6× 10−6
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Figure 1. The X-ray flux/index light curves of 3C 273 obtained
by using the sixteen years of RXTE archive data. Top panel: 2-
days time binned flux light curve obtained in the energy range
2-10 keV, bottom panel: 2-days time binned index light curve.
 1.5
 2
 2.5
 50000  51000  52000  53000  54000  55000  56000
In
de
x 
( Γ
 
)
Time (MJD)
Index
 2
 10
 20
 30
F 2
-1
0 
(10
-
11
e
rg
 c
m
-
2  
s-
1 )
Flux
Figure 2. The X-ray flux and Γ1 light curves of Mkn 501 obtained
by using the sixteen years of RXTE archive data. Top panel and
bottom panel are the same as in Fig. 1.
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Figure 3. The X-ray flux and Γ1 light curves of Mkn 421 obtained
by using the sixteen years of RXTE archive data. Top panel: 10-
days time binned flux light curve obtained in the energy range
2-10 keV, bottom panel: 10-days time binned Γ1 light curve.
The AD test for 3C 273 shows that the p–values for
flux in log-scale and index in normal-scale are larger than
0.01, which suggests the flux distribution is consistent with
a log-normal and the index distribution with a normal
one. However, for the two BLLac objects viz. Mkn 501 and
Mkn421, p–values for flux in linear-scale and log-scale are
much smaller than 0.01, which indicates that the flux dis-
tribution will be neither normal nor log-normal. Moreover,
the p–value of index distribution also suggests a non-normal
distribution of index in Mkn501 and Mkn 421. The AD test
results of 3C 273, Mkn 501 and Mkn421 are summarized in
Table 2.
3.2 Histogram of Flux and Index
Histogram fitting is also a helpful tool to characterize the
nature of the distribution. Here, we construct the normal-
ized histograms of the logarithm of flux and photon index
in linear-scale for the three selected blazars. The bin-widths
of the histogram are chosen such that each bin carries an
equal number of data points. In the case of FSRQ 3C273,
the single peak in the flux and index histograms suggest for
the single distribution; hence we fitted these histograms with
the probability density function (PDF) given by
f(x) =
1√
2piσ2
e
−(x−µ)2
2σ2 (2)
where µ and σ are the centroid and width of the dis-
tribution. The flux and index histograms along with best
fitted PDF (equation 2) are shown in the multiplot (Fig. 4)
and the best fit parameters are summarized in Table 3. The
fit parameters confirm that the flux distribution of 3C 273
is log-normal while its index is normally distributed. These
results are consistent with the results obtained from the AD
test statistic. On the other hand, the flux and index his-
tograms of the two BLLacs (Mkn 501 and Mkn 421) show a
double-peaked structure. Also, the AD test results of these
two BLLacs show that the flux distribution is neither Gaus-
sian nor log-normal, and the index distribution is not Gaus-
sian. We therefore analyzed these distributions by fitting
their histograms with double PDF
d(x) =
a
√
2piσ2
1
e
−(x−µ1)
2
2σ21 +
(1− a)
√
2piσ2
2
e
−(x−µ2)
2
2σ22 (3)
where, a is the normalization fraction, µ1 and µ2 are the cen-
troids of the distribution with widths σ1 and σ2, respectively.
The fit of flux histogram in log-scale and index histogram
in linear-scale with equation 3 will result in the double log-
normal fit of the flux distribution and double normal fit of
the index distribution. During the double log-normal fit of
flux histogram, we have kept all parameters free viz. µ1, µ2,
σ1, σ2 and a. However, in case of double normal fit of index
histogram, we have fixed the normalization fraction ‘a’ to the
best fit parameter value obtained in the double log-normal
flux histogram fit and carried fitting with free parameters
as µ1, µ2, σ1 and σ2. The same normalization fraction in
the flux and index double PDF will ensure the similar con-
tribution of the respective components in the flux and in-
dex distribution. The best fit parameter values of fitting the
double distribution flux/index histograms with equation 3
are given in Table 4 and corresponding plots are shown in
Figs 5 and 6. In case of Mkn 421, the error on the normal-
ization fraction ‘a’ is not well constrained due to poor data
statistics in the flux histogram, its best fit value ranges from
0.05–0.95. In this case, we have fixed the normalization frac-
tion ‘a’ for both flux and index distribution as 0.3 (Table 4).
The double log-normal fit to flux histograms of Mkn 501 and
Mkn421 gave a χ2/dof of 38.28/33 and 11.85/15 respec-
tively, while the other double distribution functions, such as
combination of log-normal and Gaussian gave a χ2/dof of
38.38/33 for Mkn 501 and 12.75/15 for Mkn 421. Combina-
tion of Gaussian and log-normal gave a χ2/dof of 50.36/33
for Mkn 501 and 14.10/15 for Mkn 421, while a double Gaus-
sian fit gave a χ2/dof of 41.58/33 for Mkn 501 and 14.70/15
for Mkn 421. These reduced χ2 values suggest that the dou-
ble log-normal fit and lognormal+Gaussian fit to the flux
histograms of two BLLacs are equally good. The best fit pa-
rameter values obtained by fitting the flux histogram with
lognormal+Gaussian PDF are given in Table 5. Further, we
found that the photon index distribution in both Mkn501
and Mkn421 are fitted with the double Gaussian distribu-
tion function with χ2/dof of 39.1/34 and 16.94/14 respec-
tively.
3.3 Correlation study
The three blazars selected from RXTE catalog has a suf-
ficient number of data points to study the correlation be-
tween the photon index and the flux in the 2-10 keV en-
ergy band. We have used the Spearman’s rank correlation
method to assess the correlation behavior between the in-
dex and flux. The obtained Spearman’s rank correlation
coefficient (rs), its chance correlation probability (P) and
the correlation slope (A) are summarized in Table 6. The
correlation parameters show a significant negative correla-
tion between the flux and index in all the three blazars,
which is the usual trend blazars show across the electro-
magnetic spectrum (Wierzcholska et al. 2015; Pandey et al.
2017; Brown & Adams 2011). In the correlation plots (left
MNRAS 000, 1–7 (2019)
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Table 2. AD test results for the flux/index distribution of three selected blazars viz. 3C 273, Mkn 501 and Mkn 421 Col:- 1: Selected
blazars satisfying the conditions R<0.2 and length of binned flux/index light curve ≥ 90, 2: Number of data points in the distributions,
3,4: AD statistics for Flux and Logarithm of flux distribution, and 5: AD statistics for index distribution.
Blazar name Number of Normal (Flux) Log-normal (Flux) Normal (Spectral index)
data points AD(p–value) AD(p–value) AD(p–value)
3C 273 1151 (2-days binned) 13.02 (<2.2× 10−16) 0.76 (0.06) 0.57 (0.14)
Mkn 501 188 (2-days binned) 15.89 (<2.2× 10−16) 2.78 (4.96 × 10−7) 1.24 (3.0× 10−3)
Mkn 421 93 (10-days binned) 2.29 (7.44× 10−6) 1.27 (2.5× 10−3) 1.09 (7.0× 10−3)
Table 3. Best fit parameter values of the PDF (equation 2) fitted to the logarithm of flux and index histograms. Col:- 2: Histogram
obtained from the logarithm of flux and linear index distribution, 3,4: Best fit values of µ and σ, 5: Degrees of freedom and 6: Reduced
χ2.
Blazar name Histogram µ σ dof χ2/dof
3C 273 log10(Flux) -9.922±0.004 0.124±0.003 21 0.92
Index 1.642±0.003 0.088±0.002 21 1.22
Table 4. Best fit parameter values of the double PDF (equation 3) fitted to the logarithm of flux and index histograms. Col:- 2: Histogram
obtained from the logarithm of flux and linear index distribution, 3–6: Best fit values of µ1, σ1, µ2 and σ2, 7: Normalization fraction, 8:
Degrees of freedom and 9: Reduced χ2.
Blazar name Histogram µ1 σ1 µ2 σ2 a dof χ2/dof
Mkn501 log10(Flux) -9.62±0.04 0.10±0.03 -10.02±0.02 0.14±0.02 0.83±0.06 33 1.16
Index 1.74±0.03 0.09±0.02 2.19±0.02 0.15±0.01 0.83 34 1.15
Mkn421 log10(Flux) -9.36±0.05 0.26±0.05 -10.10±0.08 0.29±0.08 0.3 15 0.79
Index 2.54±0.05 0.21±0.04 3.09±0.48 0.51±0.31 0.3 14 1.21
top panel in Figs 4, 5 and 6), gray bands represent the 1-
σ error on the centroids of the logarithm of flux and index
distributions (Figs 4, 5 and 6). In the bottom panel of Fig.
6, the error on higher index centroid is large, so a single
vertical line is shown instead of a gray band.
4 DISCUSSION
After selecting three blazars viz. 3C 273, Mkn 501 and
Mkn421 from the sample of blazars in the RXTE catalog,
we used the AD test and histogram fitting to characterize
their flux and index distributions. We found that the flux
distribution of FSRQ 3C 273 follows a log-normal distribu-
tion while its index is Gaussian distributed. The log-normal
distribution of flux in 3C273 is also observed in the monthly
binned γ-ray light curve (Shah et al. 2018). Since the vari-
ations in the index are related to the fluctuations in accel-
eration and escape time scales of the emitting particles in
the acceleration region, the observed Gaussian distribution
in index therefore indicate a linear normal fluctuations in
the intrinsic time scales in the acceleration region. This re-
sult is consistent with the study by Sinha et al. 2018, where
they showed that the linear normal fluctuation in the in-
trinsic particle acceleration time scale in the acceleration
region can produce a log-normal flux distribution. The con-
nection of log-normal flux distribution with the Gaussian
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Figure 4. Multi-plot for the characterization of flux/index distri-
bution of 3C 273. Top panel left is the logarithm of flux vs index
scatter plot along with the best fit line (dotted line). Top panel
right is the histogram of logarithmic of flux distribution. Bottom
panel is the histogram of index distribution. The solid curve in the
top panel right and bottom panel indicates the best fitted PDF
(equation 2). The vertical and horizontal gray bands indicate the
1-σ error range on the centroid (µ) of the PDF (equation 2) fit-
ted to the index distribution and logarithm of flux distribution
respectively.
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Table 5. Best fit parameter values of the double PDF (lognormal+Gaussian) fitted to the logarithm of flux histogram. Col:- 2: Histogram
obtained from the logarithm of flux distribution, 3–6: Best fit values of µ1, σ1, µ2 and σ2, 7: Normalization fraction, 8: Degrees of freedom
and 9: Reduced χ2.
Blazar name Histogram µ1 σ1 µ2 σ2 a dof χ2/dof
Mkn 501 log10(Flux) -10.03±0.03 0.14±0.02 2.26e-10±3.998e-11 6.51e-11±2.10e-11 0.79±0.09 33 1.163
Mkn 421 log10(Flux) -10.10±0.08 0.28±0.08 4.07e-10±5.20e-11 2.48e-10±4.43e-11 0.3 15 0.85
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Figure 5. Multi-plot for the characterization of flux/index dis-
tribution of Mkn 501. Top panel left is the logarithm of flux vs
index scatter plot along with the best fit line (dotted line). Top
panel right is the histogram of logarithm of flux distribution. Bot-
tom panel is the histogram of index distribution. The solid curve
in the top panel right and bottom panel indicates the best fit-
ted double PDF (equation 3). The vertical and horizontal gray
bands indicate the 1-σ error range on the centroids (µ1, µ2) of
the double PDF (equation 3) fitted to the index distribution and
logarithm of flux distribution respectively.
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Figure 6. Multi-plot for the characterization of flux/index dis-
tribution of Mkn 421. The three panels in this plot are same as
described in Fig. 5. A single vertical line represents the centroid
value of the higher index distribution (Section 3.3).
Table 6. Spearman Correlation results obtained by comparing
flux and index distribution of three selected blazars. Col:- 1: Se-
lected blazar sources 2: Spearman’s rank correlation coefficient
(rs), 3: Probability chances for correlation (P) and 4: Slope of
the best fitted line to correlation plots (A).
Blazar name rs P A
3C273 -0.60 2.0× 10−4 -0.61±0.22
Mkn 501 -0.65 2.96× 10−24 -0.94±0.06
Mkn 421 -0.86 7.25× 10−29 -1.21±0.07
index variation indicates that the source of X-ray flux vari-
ation in 3C 273 are not from the accretion disc, instead, the
perturbations are mostly local to the jet.
Using the AD test, we found that the flux and index dis-
tributions of two BLLacs viz. Mkn 501 and Mkn421 are not
consistent with a single distribution, and their histograms
can be fitted with a double distribution. Interestingly, the
overlapping of the centroids (within 1-σ error – gray bands
in Figs 5 and 6) of the double distributions in the log of
flux and index distribution on the best fitted correlation line
(blue dotted line in the correlation plots), with same normal-
ization fraction values for both the distributions (Section
3.3, Table 4), implies that the double distribution in photon
index is connected to the double distribution in flux. The
reduced χ2 test shows that the flux distributions of Mkn 501
and Mkn421 are either double log-normal or combination
of log-normal and Gaussian, while their index distributions
are double Gaussian. However, using the interpretation of
Sinha et al. 2018, the double Gaussian distribution in the in-
dex would preferably indicate double log-normal distribution
in flux. Sinha et al. 2018, showed that Gaussian distribution
in the index can be initiated through linear fluctuations in
the particle acceleration rate and hence, the log-normal flux
distribution may carry information regarding the accelera-
tion processes in the blazar jets.
In the study of multi-wavelength flux variations in PKS
1510-089, the two distinct log-normal profiles found in the
flux distribution at near-infrared (NIR), optical and γ-ray
energies are connected to two possible flux states in the
source (Kushwaha et al. 2016b). In our work, the obser-
vation of double Gaussian distribution in index with bi-
lognormal flux distribution in Mkn501 and Mkn421 fur-
ther confirms the two flux states hypothesis. Moreover, con-
trary to double log-normal flux distribution in Mkn501 and
Mkn421 in X-ray, the study of the γ-ray flux distribution
of brightest Fermi blazars show a single log-normal flux
distribution at γ-ray energy (Shah et al. 2018). However,
it should be noted that the results of Shah et al. (2018)
are obtained from light curves with a bin size of a month,
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which is longer than those used in this work. A longer bin-
ning might remove the second component of the distribu-
tion. In case of HBL sources like Mkn 501 and Mkn421,
the X-ray spectrum lies beyond the synchrotron peak and
hence is mainly emitted by the high-energy end of the elec-
tron distribution. While in FSRQs, the X-ray emission is
mainly due to the low energy tail of the electron distribu-
tion. Further, in the case of HBL sources, the low energy
γ-ray spectrum occurs before the break energy of the inverse
Compton component. Therefore, the differences observed in
the flux distribution of FSRQ 3C 273 and HBL’s (Mkn 501
and Mkn421) at X-rays may possibly be related to the en-
ergy of emitting particles. Thus, it seems that low energy
emitting particles produce a single log-normal flux distribu-
tion while the high energy tail of the electron distribution
produces double log-normal flux distribution. However, such
inference can be confirmed by carrying out a detailed flux
distribution study for a sample of sources with more statis-
tically significant light curves. In this direction, a systematic
regular long-term monitoring of blazars with MAXI would
be important to probe such information. It will be interest-
ing and important to quantify the flux distribution of these
sources in other wave-bands, as that may strengthen the
results presented here. However, continuous significant and
reliable detection of flux and index at other bands is not
available at present. We note that the upcoming Cherenkov
Telescope Array (CTA Consortium & Ong 2019) may pro-
vide such high quality light curves in gamma-rays.
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